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(57) ABSTRACT 

A method of manufacturing a silicon carbide semiconductor 
device includes ion-implanting an impurity in a surface of a 
silicon carbide Wafer, and forming a carbon protection ?lm of 
a predetermined thickness over all surfaces of the silicon 
carbide Wafer, Which has been ion-implanted With the impu 
rity, by a chemical vapor deposition method that deposits a 
?lm by pyrolyZing a hydrocarbon gas. The method also 
includes annealing the silicon carbide Wafer after the forming 
the carbon protection ?lm. 

19 Claims, 4 Drawing Sheets 
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METHOD OF MANUFACTURING SILICON 
CARBIDE SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to methods of manufacturing 

a silicon carbide semiconductor device. 

2. Description of the Prior Art 
Silicon carbide (SiC) alloWs for manufacturing a silicon 

carbide semiconductor device that has a higher breakdown 
voltage characteristic compared to using conventional silicon 
(Si), and has been expected as a material for a high poWer 
semiconductor device of the next generation. In manufactur 
ing a silicon carbide semiconductor device from such silicon 
carbide, in order to control its conductivity-type and conduc 
tivity, an n-type or a p-type impurity is ion-implanted into a 
silicon carbide Wafer that consists of silicon carbide layers 
formed by epitaxial crystal groWth on a silicon carbide sub 
strate. After the ion implantation, in order to activate the 
implanted ion and remove crystal defects having been created 
oWing to the ion implantation, the silicon carbide Wafer is 
processed by an annealing treatment in Which the Wafer is 
exposed to a hot atmosphere of an inert gas such as argon (Ar). 
Such annealing treatment of a silicon carbide Wafer is pref 
erably performed at a temperature as high as possible, in most 
cases at above 15000 C., desirably at above 16000 C., for 
stabiliZing the characteristic thereof. 

Annealing a silicon carbide Wafer at such a high tempera 
ture, hoWever, creates asperity called step bunching on the 
surface of the silicon carbide Wafer. The reason for the cre 
ation of step bunching is as folloWs. 
A silicon carbide Wafer is typically obtained by forming 

silicon carbide layers by epitaxial crystal groWth on a silicon 
carbide substrate. The epitaxial crystal groWth is performed 
in such a Way that the crystal axis is inclined approximately 
four or eight degrees With respect to the C-axis that is 
orthogonal to the (0001) crystal plane, in order to prevent 
crystals of, for example, the 6H- and 4H-types from mixedly 
groWing on the same crystal surface. 
When the silicon carbide Wafer thus crystalliZed With its 

crystal axis being inclined is exposed to such a high tempera 
ture as in annealing treatments, silicon (Si) and carbon (C), 
Which are the constituent elements thereof, evaporate from 
the surface of the silicon carbide Wafer. In the evaporation, 
since silicon and carbon have different evaporating condi 
tions and the crystal axis is inclined, the evaporation rates of 
silicon and carbon differ from each other in the surface of the 
silicon carbide Wafer. As a result, step bunching is created on 
the silicon carbide Wafer surface. 

The step bunching thus created becomes an obstacle in 
forming a gate oxide ?lm on the silicon carbide Wafer having 
been annealed and further becomes an obstacle in forming a 
gate electrode on the gate oxide ?lm. For example, there is a 
possibility of contactability reducing and of the leakage char 
acteristic deteriorating due to asperity in the boundary sur 
faces betWeen the silicon carbide Wafer and the gate oxide 
?lm, or the gate oxide ?lm and the gate electrode. 

For that reason, to prevent or reduce step bunching has been 
a major problem for quality stability of silicon carbide semi 
conductor devices and for improvement in their manufactur 
ing yields. 
As for a method of preventing or reducing such step bunch 

ing, a technology has been disclosed in, for example, Patent 
Document 1 (Japanese Patent No. 3760688) in Which a dia 
mond-like carbon ?lm or an organic ?lm is formed on the 
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2 
surface of a silicon carbide Wafer as a protection ?lm that 
prevents evaporation of silicon and carbon during an anneal 
ing treatment. 

Another technology has been disclosed in Patent Docu 
ment 2 (Japanese Patent Application Publication No. 2005 
353771) in Which a carbon ?lm is formed on an ion-implanted 
side of a silicon carbide Wafer by a sputtering method as a 
protection ?lm that prevents evaporation of silicon and car 
bon during an annealing treatment. 

In the method of Patent Document 1, hoWever, a carbon 
iZed resist is used as a protection ?lm. A resist generally 
includes numbers of elements other than carbon and hydro 
gen for enhancing its optical activity and contactability. These 
elements other than carbon and hydrogen remain behind as 
contaminants in the protection ?lm formed from the carbon 
iZed resist. For that reason, the contaminants evaporate or 
scatter during an annealing treatment, to be a source of con 
tamination to the silicon carbide semiconductor device. 

Moreover, in the method of Patent Document 2, While a 
carbon ?lm formed by a sputtering method is used as a pro 
tection ?lm, a sputtering method also sputters part of materi 
als (for example, metal materials such as aluminum and stain 
less steel) that make up the sputtering apparatus.Accordingly, 
these sputtered materials scatter as contaminants, to be a 
source of contamination to the silicon carbide semiconductor 
device. 

Furthermore, in the methods of Patent Documents 1 and 2, 
a protection ?lm is formed on one surface of a silicon carbide 
Wafer, to be more speci?c, on a side that is ion-implanted With 
an impurity, of the silicon carbide Wafer. When a protection 
?lm is thus formed on only one surface of a silicon carbide 
Wafer, unbalanced thermal stress is created in the silicon 
carbide Wafer during an annealing treatment due to a tem 
perature gradient produced therein and difference betWeen 
the thermal expansion coef?cients of the silicon carbide 
Wafer and the protection ?lm, Which results in an increase of 
crystal defects in the silicon carbide Wafer. 

Such ingress of contaminants and increase of crystal 
defects are factors that contribute to unstable quality of sili 
con carbide semiconductor devices as Well as reduction in 
manufacturing yields thereof. 

SUMMARY OF THE INVENTION 

The present invention is made to solve the above problems, 
and an object of the invention is to provide a method of 
forming on a silicon carbide Wafer a protection ?lm that is of 
extremely loW contamination and causes no unbalanced ther 
mal stress in the silicon carbide Wafer for preventing creation 
of step bunching during an annealing treatment, and to 
thereby obtain a method of manufacturing a silicon carbide 
semiconductor device, Which achieves improvements in its 
quality stability and manufacturing yields. 
A method of manufacturing a silicon carbide semiconduc 

tor device, according to the present invention includes a step 
of ion-implanting an impurity into a surface of a silicon 
carbide Wafer; a step of forming a carbon protection ?lm of a 
predetermined thickness over the entire surface of the silicon 
carbide Wafer having been ion-implanted With the impurity, 
by a chemical vapor deposition method that deposits a ?lm by 
pyrolyZing a hydrocarbon gas; and a step of annealing the 
silicon carbide Wafer having been formed With the carbon 
protection ?lm. 

According to the invention, a method of manufacturing a 
silicon carbide semiconductor device includes a step of form 
ing a carbon protection ?lm of a predetermined thickness over 
the entire surface of a silicon carbide Wafer having been 
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ion-implanted With an impurity, using a chemical vapor depo 
sition method that deposits a ?lm by pyrolyZing a hydrocar 
bon gas. Thereby, a carbon protection ?lm of high purity and 
high quality can be obtained, Which prevents the silicon car 
bide semiconductor device from being contaminated. More 
over, since unbalanced thermal stress created in the silicon 
carbide Wafer can also be suppressed, crystal defects associ 
ated With the thermal stress, in the silicon carbide Wafer are 
prevented from increasing. Therefore, the method of manu 
facturing a silicon carbide semiconductor device can be 
obtained that achieves improvements in its quality stability 
and manufacturing yields. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of one process in a method of 
manufacturing a silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the present inven 
tion; 

FIG. 2 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 3 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 4 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 5 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 6 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 7 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 8 is an illustration of one process in the method of 
manufacturing the silicon carbide semiconductor device, 
according to Embodiments 1 through 4 of the invention; 

FIG. 9 is a schematic vieW illustrating a deposition appa 
ratus according to Embodiments 2 of the invention; 

FIG. 10 is a schematic vieW illustrating a deposition appa 
ratus according to Embodiment 3 of the invention; and 

FIG. 11 is a schematic vieW illustrating an annealing appa 
ratus according to Embodiment 5 of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment l 

A method of manufacturing a silicon carbide semiconduc 
tor device according to Embodiment l of the present inven 
tion Will be described. Here, a method of manufacturing a 
poWer metal-oxide semiconductor ?eld-effect transistor 
(poWer MOSFET) is explained as an example With reference 
to FIGS. 1 through 8. 

Firstly, an n_-type (a ?rst conductivity-type) silicon car 
bide layer 2, Which is made of silicon carbide, is formed on 
one surface of an n+-type (a ?rst conductivity-type) semicon 
ductor substrate 1 by epitaxial crystal groWth, as shoWn in 
FIG. 1. As the semiconductor substrate 1, for example, an 
n+-type silicon carbide substrate is preferable. A silicon car 
bide Wafer is made up of the semiconductor substrate 1 and 
the silicon carbide layer 2. 
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4 
Next, a p-type (a second conductivity-type) Well region 3 is 

formed by ion-implanting an impurity into a surface of the 
silicon carbide Wafer using a resist as a mask for the Well 
region. To be more speci?c, the impurity is ion-implanted 
selectively into a portion outside a predetermined radius, on 
the surface of the silicon carbide layer 2 constituting the 
silicon carbide Wafer, as shoWn in FIG. 2. As an impurity to 
become a p-type in the silicon carbide layer 2, for example, 
boron (B) or aluminum (Al) is given. The resist is removed 
after the ion implantation. 

Next, an n-type (a ?rst conductivity-type) source region 4 
is formed by ion-implanting an impurity selectively into the 
surface of the Well region 3 using a resist as a mask for the 
source region, as shoWn in FIG. 2. As an impurity to become 
an n-type in the Well region 3, for example, phosphorus (P) or 
nitrogen (N) is given. After the ion implantation, the resist is 
removed. 

Next, a p+-type (a second conductivity-type) contact region 
5 is formed contiguous With the outer periphery of the source 
region 4 by ion-implanting a p-type (a second conductivity 
type) impurity into the surface of the Well region 3 using a 
resist as a mask for the contact region, as shoWn in FIG. 2. A 
concentration of the impurity in the contact region 5 is set 
here so as to be relatively higher than that in the Well region 3. 
As an impurity to become a p-type in the Well region 3, for 
example, boron (B) or aluminum (Al) is given. After the ion 
implantation, the resist is removed. 

Next, a carbon protection ?lm 6 is formed over the entire 
surface of the silicon carbide Wafer by a chemical vapor 
deposition (CVD) method or the like using a hydrocarbon gas 
such as acethylene (C2H2), methane (CH4), and propane 
(C3H8), as shoWn in FIG. 3. To be more speci?c, the inside of 
the deposition apparatus performing the CVD is heated to a 
temperature ranging from 900° C. to 10000 C. under atmo 
spheric or reduced pressure While an inert gas such as argon 
(Ar) is being introduced as a carrier gas to How into the 
deposition apparatus. The heating time is approximately 
tWenty minutes. After that, the hydrocarbon gas of approxi 
mately 10% concentration is introduced into the ?oWing car 
rier gas, and then the hydrocarbon gas is pyrolyZed. Thereby, 
the carbon protection ?lm 6 is formed to a predetermined 
thickness over the entire surface of the silicon carbide Wafer. 
The predetermined thickness here is preferable to be from one 
nanometer, above Which the effect of the protection ?lm is 
brought about, to one thousand nanometers, under Which 
cracks due to the thermal load imposing the silicon carbide 
Wafer and to the temperature difference arising therein are not 
produced in the protection ?lm. It is more preferable to be ten 
to ?ve hundred nanometers, in Which range the thickness is 
easy to control. Since a hydrocarbon gas of high purity can be 
thus used in a CVD method or the like, the carbon protection 
?lm 6 is formed to be of high quality and high purity With feW 
contaminants. The high quality here implies an advanced 
state of graphitiZation. Moreover, since the carbon protection 
?lm 6 is formed over the entire surface of the silicon carbide 
Wafer, the ?lm formation can be performed in a batch opera 
tion. In other Words, the ?lm formation can be performed for 
a plurality of silicon carbide Wafers all together by placing 
them Within a deposition apparatus at intervals such that the 
carbon protection ?lm 6 can be uniformly formed over the 
entire surface of each silicon carbide Wafer, therefore improv 
ing throughput of the ?lm formation. 

Next, the silicon carbide Wafer having been deposited With 
the carbon protection ?lm 6 over the entire surface thereof is 
placed into an annealing apparatus, to be annealed in an inert 
gas atmosphere. To be more speci?c, in an argon atmosphere, 
the Wafer, after being pre-heated at approximately 1000° C., 
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is heated for a predetermined time (approximately thirty min 
utes) at a predetermined temperature (above 15000 C., pref 
erably around 17000 C.), and then cooled immediately. 
Thereby, the implanted ion is electrically activated, and crys 
tal defects created oWing to the ion implantation are removed. 
After the annealing treatment, the carbon protection ?lm 6 is 
removed by being exposed to an oxygen atmosphere at 
approximately 950° C. for about thirty minutes. OtherWise, 
the carbon protection ?lm 6 can also be removed by ashing 
using oxygen plasma that is employed for resist removal. 
During the annealing treatment, since the silicon carbide 
Wafer is thus covered With the carbon protection ?lm 6 over 
the entire surface thereof, no step bunching is created on the 
surface of the silicon carbide Wafer. Measurement of asperity 
on the surface of the silicon carbide Wafer by atomic force 
microscopy (AFM) after removal of the carbon protection 
?lm 6 revealed that, Whereas asperity to the extent of several 
doZens nanometers Was created over the entire surface of a 
silicon carbide Wafer in a case Without the carbon protection 
?lm 6, asperity less than one nanometer Was created in the 
case With the carbon protection ?lm 6 according to the inven 
tion, Whereby the effect of the ?lm Was veri?ed. Moreover, 
since the carbon protection ?lm 6 that is of high purity With 
feW contaminants is formed, the silicon carbide semiconduc 
tor device does not become contaminated. Furthermore, since 
the carbon protection ?lm 6 is formed over the entire surface 
of the silicon carbide Wafer, unbalanced thermal stress cre 
ated therein during the annealing treatment is relieved, so that 
distortion created in the silicon carbide Wafer is reduced. For 
that reason, crystal defects created in the silicon carbide Wafer 
do not increase. 

Next, a gate oxide ?lm 7 made of silicon dioxide (SiO2) is 
formed on one surface of, speci?cally, on the ion-implanted 
side of the silicon carbide Wafer from Which the carbon pro 
tection ?lm 6 has been removed by thermal oxidation, as 
shoWn in FIG. 4. The gate oxide ?lm 7 thus formed in this 
process is a thermal oxidation ?lm. 

Next, a polysilicon ?lm is temporarily formed on the gate 
oxide ?lm 7 by a CVD method. Then, a gate electrode 8 is 
formed, after an unnecessary portion of the polysilicon ?lm is 
removed by a Wet etching method or a dry etching method 
such as a reactive ion etching (RIE) using a resist as a mask for 
the gate electrode, as shoWn in FIG. 5. 

Next, an interlayer insulation ?lm 9 made of silicon diox 
ide (SiO2) is formed on the gate oxide ?lm 7 and the gate 
electrode 8 by a CVD method using tetraethoxysilane 
(TEOS) gas, as shoWn in FIG. 6. The interlayer insulation ?lm 
9 formed in this process is a TEOS oxide ?lm. 

Next, the interlayer insulation ?lm 9 and the gate oxide ?lm 
7 are removed by a Wet etching method or a dry etching 
method such as a RIE using a resist as a mask for exposing the 
contact region 5 and part of the source region 4, as shoWn in 
FIG. 7. After that, the resist is also removed. 

Next, a conductive ?lm is formed on the contact region 5 
and the part of the source region 4 that have been exposed by 
removing the interlayer insulation ?lm 9 and the gate oxide 
?lm 7, by a physical vapor deposition method (PVD Method) 
such as a sputtering method. After that, a source electrode 10 
(a ?rst main electrode) is formed on the contact region 5 and 
the part of the source region 4 by removing an unnecessary 
portion of the conductive ?lm having been formed on the 
interlayer insulation ?lm 9 by a Wet etching method or a dry 
etching method such as a RIE using a resist as a mask for the 
source electrode, as shoWn in FIG. 8. The source electrode 10 
is electrically connected With the contact region 5 and the 
source region 4. Nickel (Ni) or aluminum (Al) is given as a 
material for the source electrode 10. 
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6 
Lastly, a drain electrode 11 (a second main electrode) made 

of a conductive ?lm is formed on the silicon carbide Wafer 
surface opposite to the source electrode by a PVD method 
such as a sputtering method, as shoWn in FIG. 8. Nickel (Ni) 
or aluminum (Al) is given as a material for the drain electrode 
11. 
Through the processes described above, the main part of 

the MOSFET is completed that is the silicon carbide semi 
conductor device according to Embodiment l of the inven 
tion. 
A method of manufacturing a silicon carbide semiconduc 

tor device, according to Embodiment l of the invention 
includes a process of forming a carbon protection ?lm of a 
predetermined thickness over the entire surface of a silicon 
carbide Wafer having been ion-implanted With an impurity by 
a CVD method that deposits a ?lm by pyrolyZing a hydrocar 
bon gas. Since the carbon protection ?lm 6 that is of high 
quality and high purity With feW contaminants can thereby be 
obtained, the silicon carbide semiconductor device can be 
prevented from being contaminated. Moreover, since unbal 
anced thermal stress created in the silicon carbide Wafer can 
be suppressed, crystal defects, associated With the thermal 
stress, in the silicon carbide Wafer can also be prevented from 
increasing. Therefore, the method of manufacturing a silicon 
carbide semiconductor device can be obtained that achieves 
improvements in its quality stability and manufacturing 
yields. 

Embodiment 2 

In Embodiment l, the carbon protection ?lm 6 of high 
quality and high purity is formed over the entire surface of a 
silicon carbide Wafer by pyrolyZing a hydrocarbon gas such 
as acethylene or methane at a temperature ranging from 900° 
C. to 10000 C. Moreover, it is assumed in Embodiment 1 that 
the pyrolysis of the hydrocarbon gas and the formation of the 
carbon protection ?lm 6 are performed in a CVD deposition 
apparatus at the same time and in the same process. In con 
trast, Embodiment 2 is characterized in that a CVD deposition 
apparatus is constituted With a gas pyrolysis furnace and a 
deposition furnace on the upstream and the doWnstream 
sides, respectively, With respect to a hydrocarbon gas How, to 
perform pyrolysis of the hydrocarbon gas and formation of a 
carbon protection ?lm 6 in separate processes in the respec 
tive furnaces. Hereinafter, a method of forming the carbon 
protection ?lm 6, according to Embodiment 2 Will be 
explained With reference to the illustration of the deposition 
apparatus shoWn in FIG. 9. In Embodiment 2, processes other 
than that of forming the carbon protection ?lm 6 by pyrolyZ 
ing the hydrocarbon gas are the same as those explained in 
Embodiment 1; their explanations are therefore omitted. 
A deposition apparatus 20 for forming the carbon protec 

tion ?lm 6 is illustrated in FIG. 9. The deposition apparatus 20 
is provided With a gas pyrolysis fumace 21 for pyrolyZing a 
hydrocarbon gas such as acethylene and methane; a deposi 
tion fumace 22 for depositing the carbon protection ?lm 6 
over the entire surface of a silicon carbide Wafer; a connection 
pipe 23 for introducing, from the gas pyrolysis fumace 21 into 
the deposition fumace 22, the gas having been pyrolyZed 
from the hydrocarbon gas; a gas inlet pipe 24 for introducing 
the hydrocarbon gas into the gas pyrolysis fumace 21; and an 
exhaust gas pipe 25 for exhausting the pyrolyZed hydrocar 
bon gas in the deposition furnace 22. 
The gas pyrolysis furnace 21 is provided With a heater 26 

and heat spreaders 27 for uniformly heating the inside of the 
gas pyrolysis furnace 21 by receiving heat from the heater 26. 
The heater 26 is disposed around the inner periphery of the 
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gas pyrolysis furnace 21 so as not to be directly exposed to the 
hydrocarbon gas. The heat spreaders 27 are made of silica 
glass or ceramics and disposed in the gas pyrolysis furnace 
21. The gas pyrolysis furnace 21 thus con?gured uniformly 
transfers the heat from the heater 26 to the hydrocarbon gas 
through the heat spreaders 27, enabling complete pyrolysis of 
the hydrocarbon gas. 

The deposition furnace 22 is provided With a heater 27 
disposed around the inner periphery thereof so as not to be 
directly exposed to the pyrolyZed hydrocarbon gas and a 
Wafer boat, not shoWn in the ?gure, on Which silicon carbide 
Wafers are placed for batch operation so that the carbon pro 
tection ?lm 6 can be formed over the entire surface of each 
silicon carbide Wafer. 
The carbon protection ?lm 6 is formed in the folloWing 

Way by such deposition apparatus 20. 
An inert gas such as argon (Ar) is introduced as a carrier gas 

into the inside of the deposition apparatus 20 through the gas 
inlet pipe 24. The pressure inside the deposition apparatus 20 
is controlled by adjusting the rate of exhaust gas at the exhaust 
gas pipe 25 so as to be an atmospheric or a reduced pressure. 
The insides of the gas pyrolysis furnace 21 and the deposition 
furnace 22 are heated for about tWenty minutes to a tempera 
ture of approximately 800° C. and to a temperature ranging 
from 500° C. to 800° C., respectively, under the atmospheric 
or the reduced pressure in the deposition apparatus 20. After 
that, a hydrocarbon gas such as acethylene or methane is 
introduced at a concentration of approximately 10% into the 
?oWing carrier gas, to be pyrolyZed in the gas pyrolysis fur 
nace 21. The hydrocarbon gas may be introduced to How into 
the carrier gas from the beginning. The hydrocarbon gas is 
almost completely pyrolyzed due to the heat spreaders 27. 
The hydrocarbon gas having been pyrolyZed in the gas 
pyrolysis fumace 21 is then introduced into the deposition 
furnace 22 through the connection pipe 23. The pyrolyZed 
hydrocarbon gas introduced into the deposition fumace 22 is 
deposited over the entire surface of each silicon carbide Wafer 
placed in the deposition furnace 22, so that the carbon pro 
tection ?lm 6 that is of high quality and high purity With feW 
contaminants is formed to a predetermined thickness. The 
predetermined thickness is preferable to be from one nanom 
eter, above Which the effect of the protection ?lm is brought 
about, to one thousand nanometers, under Which cracks due 
to the thermal load imposing the silicon carbide Wafer and to 
the temperature difference arising therein are not produced in 
the protection ?lm. It is more preferable to be ten to ?ve 
hundred nanometers, in Which range the thickness is easy to 
control. In addition, the high quality implies an advanced 
state of graphitiZation. After the carbon protection ?lm 6 is 
formed to the predetermined thickness, the gas inside the 
deposition apparatus 20 is immediately exhausted, and at the 
same time, the inside of the deposition apparatus 20 is cooled 
doWn to a temperature at Which the silicon carbide Wafer can 
be removed therefrom. 

According to Embodiment 2, since a deposition apparatus 
is separated into the gas pyrolysis furnace 21 and the deposi 
tion fumace 22, and a process of pyrolyZing a hydrocarbon 
gas such as acethylene or methane is provided in advance 
before the carbon protection ?lm 6 is formed, the carbon 
protection ?lm 6 that has an effect equal to that of Embodi 
ment 1 can be formed at a temperature loWer than that therein. 
Therefore, a method of manufacturing a silicon carbide semi 
conductor device can be obtained that achieves improvements 
in its quality stability and manufacturing yields. 

Moreover, if the inside the deposition furnace 22 is set at a 
temperature, for example, equal to that in Embodiment l, the 
carbon protection ?lm 6 can be obtained that is of higher 
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8 
quality, speci?cally, of more advanced graphitiZation com 
pared to Embodiment 1. Therefore, a method of manufactur 
ing a silicon carbide semiconductor device can be obtained 
that achieves further improvements in its quality stability and 
manufacturing yields. 

Embodiment 3 

While, in Embodiment l and Embodiment 2, the cases of 
using a hydrocarbon gas such as acethylene, methane, and 
propane has been explained as examples, a loWer alcohol such 
as ethyl alcohol (CZHSOH: ethanol) and methyl alcohol 
(CH3OH: methanol), Which is one of oxygen-containing 
hydrocarbons, can also be used. Here, a method of manufac 
turing a silicon carbide semiconductor device using ethanol 
or methanol Will be described for a case With a poWer MOS 
FET as an example. The method of manufacturing the poWer 
MOSFET, except for a process of forming a carbon protection 
?lm, is the same as that shoWn in FIGS. 1 through 8 in 
Embodiment 1; hence the description is made With reference 
to FIGS. 1 through 8. 

Firstly, an n_-type (a ?rst conductivity-type) silicon car 
bide layer 2, Which is made of silicon carbide, is formed on 
one surface of an n+-type (a ?rst conductivity-type) semicon 
ductor substrate 1 by epitaxial crystal groWth, as shoWn in 
FIG. 1. As the semiconductor substrate 1, for example, an 
n+-type silicon carbide substrate is preferable. A silicon car 
bide Wafer is made up of the semiconductor substrate 1 and 
the silicon carbide layer 2. 

Next, a p-type (a second conductivity-type) Well region 3 is 
formed by ion-implanting an impurity into a surface of the 
silicon carbide Wafer using a resist as a mask for the Well 
region. To be more speci?c, the impurity is ion-implanted 
selectively into a portion outside a predetermined radius, on 
the surface of the silicon carbide layer 2 constituting the 
silicon carbide Wafer, as shoWn in FIG. 2. As an impurity to 
become a p-type in the silicon carbide layer 2, for example, 
boron (B) or aluminum (Al) is given. The resist is removed 
after the ion implantation. 

Next, an n-type (a ?rst conductivity-type) source region 4 
is formed by ion-implanting an impurity selectively into the 
surface of the Well region 3 using a resist as a mask for the 
source region, as shoWn in FIG. 2. As an impurity to become 
an n-type in the Well region 3, for example, phosphorus (P) or 
nitrogen (N) is given. After the ion implantation, the resist is 
removed. 

Next, a p+-type (a second conductivity-type) contact region 
5 is formed contiguous With the outer periphery of the source 
region 4 by ion-implanting a p-type (a second conductivity 
type) impurity into the surface of the Well region 3 using a 
resist as a mask for the contact region, as shoWn in FIG. 2. A 
concentration of the impurity in the contact region 5 is set 
here so as to be relatively higher than that in the Well region 3. 
As an impurity to become a p-type in the Well region 3, for 
example, boron (B) or aluminum (Al) is given. After the ion 
implantation, the resist is removed. 

Next, a carbon protection ?lm 6 is formed over the entire 
surface of the silicon carbide Wafer by a CVD method or the 
like using an oxygen-containing hydrocarbon gas such as 
ethanol and methanol, as shoWn in FIG. 3. 

To be more speci?c, While an inert gas such as argon (Ar) 
is being introduced as a carrier gas to How into the deposition 
apparatus performing a CVD, the inside of the deposition 
apparatus is heated to a temperature ranging from 850° C. to 
1000° C. under a reduced pressure beloW l.33><l04 Pa (100 
Torr), preferably beloW 6.67><l03 Pa (50 Torr), more prefer 
ably beloW l.33><l03 Pa (10 Torr). The heating time is 
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approximately twenty minutes. After that, With the carrier gas 
being shut off or ?owing, the oxygen-containing hydrocarbon 
gas is fed, and then the hydrocarbon gas is pyrolyZed under 
the reduced pressure mentioned above, Whereby the carbon 
protection ?lm 6 is formed to a predetermined thickness over 
the entire surface of the silicon carbide Wafer. The predeter 
mined thickness here is preferable to be from one nanometer, 
above Which the effect of the protection ?lm is brought about, 
to one thousand nanometers, under Which cracks due to the 
thermal load imposing the silicon carbide Wafer and to the 
temperature difference arising therein are not produced in the 
protection ?lm. It is more preferable to be ten to ?ve hundred 
nanometers, in Which range the thickness is easy to control. 
Since a hydrocarbon gas of high purity can be thus used in a 
CVD method or the like, the carbon protection ?lm 6 is 
formed to be of high quality and high purity With feW con 
taminants. The high quality here implies an advanced state of 
graphitiZation. Moreover, since the carbon protection ?lm 6 is 
formed over the entire surface of the silicon carbide Wafer, the 
?lm formation can be performed in a batch operation. In other 
Words, the ?lm formation can be performed for a plurality of 
silicon carbide Wafers all together by placing them Within a 
deposition apparatus at intervals such that the carbon protec 
tion ?lm 6 can be uniformly formed over the entire surface of 
each silicon carbide Wafer, therefore improving throughput of 
the ?lm formation. 

Here, a deposition apparatus suitable to form the carbon 
protection ?lm 6 is illustrated in FIG. 10 as an example in 
Embodiment 3. 

Referring to FIG. 10, a deposition apparatus 30 is for 
forming the carbon protection ?lm 6. The deposition appara 
tus 30 is provided With a gas inlet pipe 31 for introducing an 
oxygen-containing hydrocarbon gas such as ethanol and 
methanol into the deposition apparatus; a deposition furnace 
32 for forming the carbon protection ?lm 6 over the entire 
surface of a silicon carbide Wafer; an exhaust gas pipe 33 for 
exhausting the pyrolyZed hydrocarbon gas; a heater 34 dis 
posed around the periphery of the deposition furnace 32 so as 
not to be directly exposed to the hydrocarbon gas, for pyro 
lyZing the hydrocarbon gas; and a substrate holder 35 for 
holding silicon carbide Wafers in such a Way that the carbon 
protection ?lm 6 can be formed over the entire surface of each 
Wafer in a batch operation. It is conceivable that the substrate 
holder 35 holds the silicon carbide Wafers by supporting their 
peripheries, for example, at three points of each periphery. In 
addition, the substrate holder 35 has a function equal to that of 
the Wafer boat for silicon carbide Wafers being placed 
thereon, Which is mentioned in Embodiment l and Embodi 
ment 2. 

Formation of the carbon protection ?lm 6 by the deposition 
apparatus 30 is as folloWs. 
An inert gas such as argon (Ar) is introduced as a carrier gas 

into the inside of the deposition fumace 32 through the gas 
inlet pipe 31. The pressure inside the deposition furnace 32 is 
controlled by adjusting the rate of exhaust gas at the exhaust 
gas pipe 33 so as to be in a reduced pressure state (beloW 
l.33><l04 Pa (100 Torr), preferably beloW 6.67><l03 Pa (50 
Torr), more preferably beloW l.33><l03 Pa (10 Torr)). The 
inside of the deposition fumace 32 is heated by the heater 34 
for about thirty minutes to a temperature ranging from 800° 
C. to 10000 C. under the condition of the above-mentioned 
reduced pressure. At the time When the inside of the deposi 
tion furnace 32 reaches a predetermined temperature, the 
carrier gas How is shut off. Then, the oxygen-containing 
hydrocarbon gas such as ethanol and methanol is introduced 
through the gas inlet pipe 31 into the deposition fumace 32, 
and the inside thereof is adjusted to a predetermined pres sure, 
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for example, to the above-mentioned reduced pressure. The 
oxygen-containing hydrocarbon gas introduced into the 
deposition fumace 32 is pyrolyZed thereinside, so that the 
carbon protection ?lm 6 that is of high quality and high purity 
With feW contaminants is formed to the predetermined thick 
ness over the entire surface of each of a plurality of such 
silicon carbide Wafers placed on the substrate holder 35. The 
predetermined thickness here, as mentioned before, is pref 
erable to be from one nanometer, above Which the effect of the 
protection ?lm is brought about, to one thousand nanometers, 
under Which cracks due to the thermal load imposing the 
silicon carbide Wafer and to the temperature difference aris 
ing therein are not produced in the protection ?lm. It is more 
preferable to be ten to ?ve hundred nanometers, in Which 
range the thickness is easy to control. In addition, the high 
quality implies an advanced state of graphitiZation. After the 
carbon protection ?lm 6 of the predetermined thickness is 
formed, the gas inside the deposition apparatus 32 is imme 
diately exhausted, and at the same time, the carrier gas is 
introduced again and the inside thereof is cooled doWn to a 
temperature at Which the silicon carbide Wafers can be 
removed therefrom. In this Way, the carbon protection ?lm 6 
of high quality and high purity With feW contaminants is 
formed to the predetermined thickness over the entire surface 
of each silicon carbide Wafer. In addition, the con?guration of 
the deposition apparatus 30 shoWn in FIG. 10 can also be 
applied to formation of the carbon protection ?lm 6 shoWn in 
Embodiment 1. It is noted that the con?guration of the depo 
sition apparatus 30 shoWn in FIG. 10 is just an example; 
hence, no speci?c limitation is imposed to the con?guration. 
A deposition apparatus may be provided With a con?guration 
equivalent to that of the deposition apparatus 30 shoWn in 
FIG. 10. 

Next, the silicon carbide Wafer having been deposited With 
the carbon protection ?lm 6 over the entire surface thereof is 
placed into an annealing apparatus, to be annealed in an inert 
gas atmosphere. 

To be more speci?c, in an argon atmosphere, the Wafer, 
after being pre-heated at approximately 1000° C., is heated 
for a predetermined time (approximately 30 minutes) at a 
predetermined temperature (above 15000 C., preferably 
around 17000 C.), and then cooled immediately. Thereby, the 
implanted ion is electrically activated, and crystal defects 
created by the ion implantation are removed. 

After the annealing treatment, the carbon protection ?lm 6 
is removed by being exposed to an oxygen atmosphere at 
approximately 950° C. for about thirty minutes. OtherWise, 
the carbon protection ?lm 6 can also be removed by ashing 
using oxygen plasma that is employed for resist removal. 

During the annealing treatment, since the silicon carbide 
Wafer is thus covered With the carbon protection ?lm 6 depos 
ited over the entire surface thereof, no step bunching is cre 
ated on the silicon carbide Wafer surface. Measurement of 
asperity on the surface of the silicon carbide Wafer by atomic 
force microscopy (AFM) after removal of the carbon protec 
tion ?lm 6 revealed that, Whereas asperity to the extent of 
several doZens nanometers Was created over the entire surface 
of the silicon carbide Wafer in a case Without the carbon 
protection ?lm 6, asperity less than one nanometer Was cre 
ated in the case With the carbon protection ?lm 6 according to 
the invention, Whereby the effect of the ?lm Was veri?ed. 
Moreover, since the carbon protection ?lm 6 that is of high 
purity With feW contaminants is formed, the silicon carbide 
semiconductor device does not become contaminated. Fur 
thermore, since the carbon protection ?lm 6 is formed over 
the entire surface of the silicon carbide Wafer, unbalanced 
thermal stress created therein during the annealing treatment 
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is relieved, so that distortion created in the silicon carbide 
Wafer is reduced. For that reason, crystal defects created in the 
silicon carbide Wafer do not increase. 

Next, a gate oxide ?lm 7 made of silicon dioxide (SiO2) is 
formed on one surface of, speci?cally, on an ion-implanted 
side of the silicon carbide Wafer from Which side the carbon 
protection ?lm 6 has been removed by thermal oxidation as 
shoWn in FIG. 4. The gate oxide ?lm 7 thus formed in this 
process is a thermal oxidation ?lm. 

Next, a polysilicon ?lm is temporarily formed on the gate 
oxide ?lm 7 by a CVD method. Then, a gate electrode 8 is 
formed, after an unnecessary portion of the polysilicon ?lm is 
removed by a Wet etching method or a dry etching method 
such as a reactive ion etching (RIE) using a resist as a mask for 
the gate electrode, as shoWn in FIG. 5. 

Next, an interlayer insulation ?lm 9 made of silicon diox 
ide (SiO2) is formed on the gate oxide ?lm 7 and the gate 
electrode 8 by a CVD method using a TEOS gas, as shoWn in 
FIG. 6. The interlayer insulation ?lm 9 formed in this process 
is a TEOS oxide ?lm. 

Next, the interlayer insulation ?lm 9 and the gate oxide ?lm 
7 are removed by a Wet etching method or a dry etching 
method such as a RIE using a resist as a mask for exposing the 
contact region 5 and part of the source region 4, as shoWn in 
FIG. 7. After that, the resist is also removed. 

Next, a conductive ?lm is formed on the contact region 5 
and the part of the source region 4 that have been exposed by 
removing the interlayer insulation ?lm 9 and the gate oxide 
?lm 7, by a PVD method such as a sputtering method. After 
that, a source electrode 10 (a ?rst main electrode) is formed on 
the contact region 5 and the part of the source region 4 by 
removing an unnecessary portion of the conductive ?lm 
formed on the interlayer insulation ?lm 9 by a Wet etching 
method or a dry etching method such as RIE using a resist as 
a mask for the source electrode, as shoWn in FIG. 8. The 
source electrode 10 is electrically connected With the contact 
region 5 and the source region 4. Nickel (Ni) or aluminum 
(Al) is given as a material for the source electrode 10. 

Lastly, a drain electrode 11 (a second main electrode) made 
of a conductive ?lm is formed on the silicon carbide Wafer 
surface opposite to the source electrode by a PVD method 
such as a sputtering method, as shoWn in FIG. 8. Nickel (Ni) 
or aluminum (Al) is given as a material for the drain electrode 
11. 

Through the processes described above, the main part of 
the poWer MOSFET is completed that is the silicon carbide 
semiconductor device according to Embodiment 3 of the 
invention. 

A method of manufacturing a silicon carbide semiconduc 
tor device, according to Embodiment 3 of the invention 
includes a process of forming a carbon protection ?lm of a 
predetermined thickness over the entire surface of a silicon 
carbide Wafer having been ion-implanted With an impurity, by 
a CVD method that deposits a ?lm by pyrolyZing an oxygen 
containing hydrocarbon gas. Since the carbon protection ?lm 
6 that is of high quality and high purity With feW contaminants 
can thereby be obtained, the silicon carbide semiconductor 
device can be prevented from being contaminated. Moreover, 
since unbalanced thermal stress created in the silicon carbide 
Wafer can be suppressed, crystal defects, associated With the 
thermal stress, in the silicon carbide Wafer can also be pre 
vented from increasing. Therefore, the method of manufac 
turing a silicon carbide semiconductor device can be obtained 
that achieves improvements in its quality stability and manu 
facturing yields. 
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Moreover, the carbon protection ?lm deposited from an 

oxygen-containing hydrocarbon gas has feWer defects than 
that deposited from a general hydrocarbon gas containing no 
oxygen. 

This is due to the fact that activated oxygen produced 
during the pyrolysis of the oxygen-containing hydrocarbon 
gas at a high temperature reacts With the depositing amor 
phous carbon to produce carbon monoxide, Which contributes 
to reducing defects in the carbon protection ?lm. 

Moreover, using an oxygen-containing hydrocarbon gas 
for forming a carbon protection ?lm decreases production of 
unreacted hydrocarbon during formation of the carbon pro 
tection ?lm by a CVD, Which reduces adhesion of the unre 
acted carbon and higher hydrocarbon ?lm to the inside of the 
deposition apparatus. Therefore, an effect is also brought 
about that improves maintainability of the deposition appa 
ratus. 

Although the case of using a loWer alcohol such as ethanol 
and methanol as an oxygen-containing hydrocarbon gas is 
explained as an example in Embodiment 3, a gas consisting of 
oxygen, carbon, and hydrogen can be used as an oxygen 
containing hydrocarbon gas: for example, a higher alcohol 
such as cetanol, a hydroxyl acid, a carboxylic acid, a ketone, 
an aldehyde, a phenol, an ester, or an ether may also be used 
by evaporating it. For such case, a manufacturing method 
equivalent to that of Embodiment 3 is employable and can 
bring about the same effect. It is noted that, in practical use, a 
higher oxygen-containing hydrocarbon is rather undesirable; 
a loWer one containing ten or less carbons in a molecule is 
desirable, and additionally a loWer one having a higher vapor 
pressure is more desirable. From that point of vieW, it can be 
said that a loWer alcohol such as ethyl alcohol and methyl 
alcohol is desirable. 

Embodiment 4 

While the explanation is made in Embodiment 3 on forma 
tion of the carbon protection ?lm 6 using an oxygen-contain 
ing hydrocarbon gas such as ethanol and methanol, in a case 
of using a cyclic ether compound such as tetrahydrofuran 
(THF) as an oxygen-containing hydrocarbon gas, a carbon 
protection ?lm 6 is formed under slightly different condi 
tions. A process different from that in the method of manu 
facturing the silicon carbide semiconductor device in 
Embodiment 3, that is, formation of the carbon protection 
?lm 6 using tetrahydrofuran Will be explained beloW With 
reference to FIGS. 1 through 8 and FIG. 10. The other pro 
cesses in the method of manufacturing the silicon carbide 
semiconductor device are the same as those explained in 
Embodiment 3; their explanations are therefore omitted. 

After a silicon carbide Wafer has been processed up to the 
stage shoWn in FIG. 2 in Embodiment 3, the carbon protection 
?lm 6 is formed over the entire surface of the silicon carbide 
Wafer using tetrahydrofuran as an oxygen-containing hydro 
carbon gas by a CVD method or the like, as shoWn in FIG. 3. 

To be more speci?c, While an inert gas such as argon (Ar) 
is being introduced as a carrier gas to How into the deposition 
furnace 32 performing a CVD, the inside of the deposition 
apparatus is heated at a temperature ranging from 850° C. to 
10000 C. using the heater 34 under reduced pressure. The 
heating time is approximately tWenty minutes. After that, a 
pressurized tetrahydrofuran is fed gradually into an evapora 
tor from a feeder, Which are not shoWn, to be evaporated in the 
evaporator at 1200 C., and then introduced into the deposition 
furnace 32 through the gas inlet pipe 31. In order to prevent 
condensation, the pipes from the evaporator to the deposition 
furnace 32, including the gas inlet pipe 31, are heated above 
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100° C. by heaters, Which are not shown, provided around the 
pipes. Tetrahydrofuran needs to be pyrolyZed and deposited 
under a pressure below l.33><l04 Pa (100 Torr) in the depo 
sition furnace 32. More desirably, the pressure therein is set to 
7><l03 Pa (52.5 Torr), Which enhances the deposition rate. In 
this Way, the oxygen-containing hydrocarbon gas introduced 
into the deposition furnace 32 is pyrolyZed therein, to form 
the carbon protection ?lms 6 that is of high quality and high 
purity With feW contaminants to a predetermined thickness 
over the entire surface of each of a plurality of silicon carbide 
Wafers placed on the substrate holder 35. The predetermined 
thickness here, as mentioned before, is preferable to be one 
nanometer, above Which the effect of the protection ?lm is 
brought about, to one thousand nanometers, under Which 
cracks due to the thermal load imposing the silicon carbide 
Wafer and to the temperature difference arising therein are not 
produced in the protection ?lm. It is more preferable to be ten 
to ?ve hundred nanometers, in Which range the thickness is 
easy to control. In addition, the high quality implies an 
advanced state of graphitiZation. After the carbon protection 
?lm 6 of the predetermined thickness is formed, the feed of 
the tetrahydrofuran from the feeder is stopped, and the inside 
the deposition furnace 32 is cooled doWn to a temperature at 
Which the silicon carbide Wafers can be removed therefrom. 

Thereby, the carbon protection ?lm 6 can be formed that 
brings about the same effect as that of Embodiment 3. Pro 
cesses subsequent to that are the same as the annealing treat 
ment and those subsequent thereto in Embodiment 3. 

Embodiment 5 

According to Embodiment 1 through Embodiment 4, after 
the carbon protection ?lm 6 has been formed over the entire 
surface of each of silicon carbide Wafers in the deposition 
apparatus, the silicon carbide Wafers are transferred into the 
annealing apparatus. For that reason, the carbon protection 
?lm 6 formed on the silicon carbide Wafer surfaces may be 
subject to peel or partial damage due to rubbing during the 
transfer, Which gives cause for concern that the silicon car 
bide semiconductor device decreases in its quality and manu 
facturing yields. 
A method of preventing such damages is to share a sub 

strate holder 35 betWeen the deposition apparatus that depos 
its the carbon protection ?lm 6 over the entire surface of the 
silicon carbide Wafers and the annealing apparatus that 
anneals the silicon carbide Wafers having been deposited With 
the carbon protection ?lm 6 thereon. 

In other Words, the substrate holder 35 that enables the 
carbon protection ?lm 6 to be deposited over the entire sur 
face of each of the plurality of silicon carbide Wafers and 
enables the Wafers to be placed on the holder for a batch 
operation, is provided usable in both deposition and anneal 
ing apparatuses shoWn in Embodiment 1 through Embodi 
ment 4. 

FIG. 11 shoWs an example of a typical annealing apparatus. 
In FIG. 11, an annealing apparatus 40 is provided With an 
annealing furnace 41; a gas inlet pipe 42 for introducing an 
inert gas such as argon into the annealing furnace 41; and an 
exhaust gas pipe 43 for exhausting gases Within the annealing 
furnace 41 therethrough; the substrate holder 35 on Which the 
plurality of silicon carbide Wafers can be placed and is usable 
also for the deposition apparatus; a heater 44 such as a carbon 
heater, disposed so as to surround the substrate holder 35; heat 
spreaders 45, Which are made of silica, ceramics, or the like, 
disposed at least around the heater 44, for uniformly transfer 
ring heat from the heater 44 to the silicon carbide Wafers; and 
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a coil 46 disposed around the periphery of the annealing 
furnace 41, for heating the heater 44 by induction. 

Using the annealing apparatus 40 thus con?gured, after 
exhaust of gases Within the annealing furnace 41, argon gas is 
introduced though the gas inlet pipe 42. Then, heat from the 
heater 44 induction-heated by the coil 46 is uniformly spread 
by the heat spreaders 45, so that the silicon carbide Wafers 
placed on the substrate holder 35 are isothermally heated in 
the argon atmosphere set at a predetermined pressure, 
Whereby a desired annealing treatment is performed. In addi 
tion, the substrate holder 35 used in the annealing treatment 
has been used in the deposition apparatus. 

In this Way, by using the substrate holder 35 in common 
betWeen the deposition and the annealing processes, silicon 
carbide Wafers placed on the substrate holder 35 can be trans 
ferred from the deposition apparatus to the annealing appa 
ratus Without changing the substrate holder. Therefore, the 
carbon protection ?lm 6 formed on each silicon carbide Wafer 
surface is not subject to peel or partial damage due to rubbing 
during the transfer, achieving further improvements in quality 
stability and manufacturing yields of the silicon carbide semi 
conductor device. Moreover, since the insides of the deposi 
tion and the annealing apparatuses become less contami 
nated, production ef?ciency can also be enhanced. 

It is noted that, in each embodiment, the silicon carbide 
Wafer is supported by the substrate holder during deposition 
of the carbon protection ?lm 6. For that reason, the carbon 
protection ?lm 6 is not formed or is dif?cult to form on 
portions Where the substrate holder touches, of the silicon 
carbide Wafer. HoWever, such contact portions are smaller 
area With respect to the Whole area of the silicon carbide 
Wafer, Which does not affect the effect of the invention at all. 
Therefore, “the silicon carbide Wafer that is formed With the 
carbon protection ?lm 6 over the entire surface thereof’, 
referred to in the invention, also includes a silicon carbide 
Wafer having portions, Where the substrate holder touched, on 
Which the carbon protection ?lm 6 is not formed or is formed 
in a thinner ?lm due to dif?culty in depositing. 

What is claimed is: 
1. A method of manufacturing a silicon carbide semicon 

ductor device, comprising: 
ion-implanting an impurity in a surface of a silicon carbide 

Wafer; 
forming a carbon protection ?lm of a predetermined thick 

ness over all surfaces of the silicon carbide Wafer, Which 
has been ion-implanted With the impurity, by a chemical 
vapor deposition method that deposits a ?lm by pyro 
lyZing a hydrocarbon gas; and 

annealing the silicon carbide Wafer after the forming the 
carbon protection ?lm. 

2. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 1, Wherein the predeter 
mined thickness is from one nanometer to one thousand 
nanometers. 

3. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 1, Wherein the hydrocarbon 
gas is acethylene, methane, or propane. 

4. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 1, Wherein the formation of 
the carbon protection ?lm is performed for a plurality of such 
silicon carbide Wafers all together in a batch operation. 

5. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 1, Wherein a substrate holder 
is used in common in the forming the carbon protection ?lm 
on the silicon carbide Wafer and the annealing the silicon 
carbide Wafer. 
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6. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 1, Wherein the formation of 
the carbon protection ?lm is performed using a gas pyrolysis 
furnace for pyrolyZing the hydrocarbon gas and a deposition 
furnace for depositing the carbon protection ?lm on the sili 
con carbide Wafer by introducing the pyrolyZed hydrocarbon 
gas. 

7. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 6, Wherein the predeter 
mined thickness is from one nanometer to one thousand 
nanometers. 

8. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 6, Wherein the hydrocarbon 
gas is acethylene, methane, or propane. 

9. The method of manufacturing a silicon carbide semicon 
ductor device, as recited in claim 6, Wherein the formation of 
the carbon protection ?lm is performed for a plurality of such 
silicon carbide Wafers all together in a batch operation. 

10. A method of manufacturing a silicon carbide semicon 
ductor device, comprising: 

ion-implanting an impurity in a surface of a silicon carbide 

Wafer; 
forming a carbon protection ?lm of a predetermined thick 

ness over all surfaces of the silicon carbide Wafer, Which 
has been ion-implanted With the impurity, by a chemical 
vapor deposition method that deposits a ?lm by pyro 
lyZing an oxygen-containing hydrocarbon gas; and 

annealing the silicon carbide Wafer after the forming the 
carbon protection ?lm. 

11. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 10, Wherein the prede 
termined thickness is from one nanometer to one thousand 
nanometers. 

12. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 10, Wherein the oxygen 
containing hydrocarbon gas is methyl alcohol, ethyl alcohol, 
cetanol, hydroxyl acid, carboxylic acid, keton, aldehyde, phe 
nol, ester, ether, or tetrahydrofuran. 

13. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 10, Wherein the forma 
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tion of the carbon protection ?lm is performed for a plurality 
of such silicon carbide Wafers all together in a batch opera 
tion. 

14. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 10, Wherein a substrate 
holder is used in common in the forming the carbon protec 
tion ?lm on the silicon carbide Wafer and the annealing the 
silicon carbide Wafer. 

15. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 10, Wherein the forma 
tion of the carbon protection ?lm is performed under a 
reduced pressure of 133x104 Pa or beloW. 

16. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 15, Wherein the prede 
termined thickness is from one nanometer to one thousand 
nanometers. 

17. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 15, Wherein the oxygen 
containing hydrocarbon gas is methyl alcohol, ethyl alcohol, 
cetanol, hydroxyl acid, carboxylic acid, keton, aldehyde, phe 
nol, ester, ether, or tetrahydrofuran. 

18. The method of manufacturing a silicon carbide semi 
conductor device, as recited in claim 15, Wherein the forma 
tion of the carbon protection ?lm is performed for a plurality 
of such silicon carbide Wafers all together in a batch opera 
tion. 

19. A method, comprising: 
ion-implanting an impurity in a ?rst surface of a silicon 

carbide Wafer to form a Well region; 
forming a carbon protection ?lm over the ?rst surface and 

a second surface of the silicon carbide Wafer, after the 
ion-implanting, by a chemical vapor deposition method 
that deposits a ?lm by pyrolyZing a hydrocarbon gas, the 
second surface opposing the ?rst surface across the Well 
region; and 

annealing the silicon carbide Wafer after the forming the 
carbon protection ?lm. 


